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[57] ABSTRACT 
A method is provided for making silicon-based ceramic 
composites having reduced tendency to form complex 
silicides when in contact with high performance metals 
or metallic alloys at elevated temperatures. The surface 
of the silicon-based ceramic composite, such as silicon 
carbide~silicon matrix composite, is etched, treated with 
an inorganic oxide mixture and fired. Improved perfor 
mance is provided when the resulting composite is used 
in a speci?c application in contact with a high perfor 
mance metal or metallic alloy, such as a gas turbine 
bucket. 

7 Claims, No Drawings 
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COATED SILICON-BASED CERAMIC 
COMPOSITES AND METHOD FOR MAKING 

SAME 

The present inventionrelates to silicon-based ceramic 
composites exhibiting a reduced tendency to form me 
tallic silicides when used in contact with a metallic 
surface at an elevated temperature. 

Prior to the present invention, as shown by R. L. 
Mehan and D. W. McKee, Interaction of Metals and 
Alloys with Silicon-Based Ceramics, Journal of Materi 
als Science II (1976) 1009-1018, silicon based ceramics 
have been found to chemically interact with a number 
of metals and alloys at temperatures in the vicinity of 
1000” C in air. Included among the reaction products 
are silicides, silicates and carbides. The signi?cance of 
the ?nding of Mehan et a1 is that when a silicon-based 
ceramic, for example, a silicon carbide-silicon matrix 
composite, such as taught in copending application of 
Laskow and Morelock, Ser. No. 572,969, ?led Apr. 30, 
1975 and assigned to the same assignee as the present 
invention, when used in the form of a turbine bucket or 
aircraft engine blade, may interfere with the perfor 
mance of the gas turbine or aircraft engine based on the 
formation of the metallic silicides when the silicon 
based ceramic comes in contact with a high perfor 
mance metal or metallic alloy at elevated temperatures. 
It would be desirable, therefore, to reduce the tendency 
of such silicon-based ceramic to interact with metallic 
surfaces at elevated temperatures. 
The present invention is based on the discovery that 

silicon-based ceramic exhibiting a reduced tendency to 
interact with metallic surfaces at elevated temperatures 
can be made, if the surface of the silicon-based ceramic 
is etched to remove surface silicon to a depth of at least 
about 0.001 inch, and thereafter the cavity of the etched 
ceramic is ?lled with an inorganic oxide mixture, such 
as an aluminum oxide-silicon oxide blend, which is ?red 
to produce a surface ceramic substantially replacing the 
silicon removed from the ceramic during the etching 
step. 
There is provided by the present invention, a method 

of reducing the tendency of a silicon-based ceramic 
from forming reaction products, such as silicides, when 
in contact with a metallic surface at elevated tempera 
tures which comprises 

(1) etching the surface of the silicon-based ceramic to 
effect the removal of surface silicon, 

(2) substantially ?lling the cavity resulting from the 
removal of silicon-based ceramic from the surface 
of the silicon composite of step (1) with an inor 
ganic oxide mixture and 

(3) ?ring the treated silicon-based ceramic of (2) to a 
temperature of up to 1250“ C resulting in the con~ 
version of the inorganic oxide mixture to an adher 
ent ceramic coating. 

Included by the silicon-based ceramic which can be 
treated in accordance with the practice of the method 
of the present invention are, for example, silicon car 
bide-silicon matrix composites shown in copending 
application of Laskow and Morelock Ser. No. 572,969, 
?led Apr. 30, 1975, Hillig and Morelock Ser. No. 
660,261, ?led Feb. 23, 1976, both assigned to the same 
assignee as the present invention. Additional. silicon~ 
based ceramic composites which can be treated in ac 
cordance with the present invention are, for example, 
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2 
silicon carbide composites as shown by Wake?eld, US. 
Pat. No. 3,459,842, Geiger, US; Pat. No. 2,431,327, etc. 

Included by the inorganic oxide blends which can be 
used to treat the etched surface of the silicon-based 
ceramic composites of the present invention are, for 
example, blends of aluminum oxide and silicon oxide, 
such as Kyanite, Ball Clay, Kaolin, etc. The inorganic 
oxide blend can be used as a paste when blended with 
AL(H2P04)3} H20, etc. Etching solutions which can be 
used are, ‘for example, mixtures of hydrofluoric and 
nitric acid. 

In the practice of the invention the silicon-based ce 
ramic is treated with an etchant to effect the removal of 
at least 0.001 inch to 0.010 inch of surface silicon from 
the silicon-based ceramic. After the etchant has been 
rinsed from the surface of the silicon-based ceramic, it 
can be treated with an inorganic oxide mixture and the 
resulting silicon-based ceramic is ?red to convert the 
inorganic oxide to an adherent ceramic coating. 
The silicon-based ceramic can be etched by various 

standard techniques, such as immersion, swabbing, 
spraying, etc., with a suitable etchant as previously 
de?ned. Depending upon the nature of the etchant and 
the depth to which the surface silicon is to be removed 
from the silicon-based ceramic, the time for treating the 
silicon-based ceramic with the etchant can vary widely, 
such as a few minutes or less to several hours or more. 
After sufficient silicon has been removed from the sur 
face of the silicon-based ceramic, the etchant can be 
rinsed therefrom. . 

The silicon-based ceramic is then treated with the 
inorganic oxide mixture which can be applied with an 
applicator in the form of a paste, or it can be sprayed, 
painted, etc. Depending upon the speci?cation desired 
in the silicon-based ceramic, excess inorganic oxide 
mixture can be removed by standard techniques, such as 
brushing, etc., until the desired surface thickness is 
achieved. The silicon-based ceramic can then be ?red at 
a temperature of from 1250° C to 1400“ C to convert the 
surface inorganic oxide to‘ an adherent enamel or 
smooth coating which substantially resembles the origi 
nal silicon-based ceramic prior to etching. However, 
after ?ring, the color of the surface of the silicon-based 
ceramic can vary widely, based upon the compositions 
of the inorganic oxide mixture employed. 
The silicon-based ceramic composites, and preferably 

the silicon carbide-silicon matrix composites which can 
be treated in accordance with the practice of the present 
invention can be used in a variety of applications, such 
as turbine buckets, aircraft engine blades, abradable 
coatings in the form of rotary sealants, etc. 

In order that those skilled in the art will be better able 
to practice the invention, the following example is given 
by way of illustration and not by way of limitation. All 
parts are by weight. 

EXAMPLE 1 

A carbon ?ber preform was prepared from low mod 
ulus WCA carbon cloth of Union Carbide Corporation 
using an aqueous colloidal suspension of graphite as a 
binder. The density of the ?ber was approximately 
1.38-1.48 grams/cc and the total weight of ?ber in the 
preform after it was machined to a 2.5 inches diameter 
disk was about 11 grams. 
A 3 inch diameter mold was machined out of Speer 

580 graphite having a‘mold cavity of about 2.5 inches 
and a 0.42 inch thickness. Four 0125 diameter in?ltra 
tion holes were drilled into the top half of the mold and 
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0.125 inch diameter vent holes were drilled into the 
bottom half of the mold. Carbon ?ber wicks in the form 
of WYK braid were inserted into the in?ltration holes 
and protruded about 0.125 inches from the top of the 
mold. The inside surface of the mold was treated with a 
boron nitride powder in a form of an aerosol spray. 
The carbon ?ber preform was then placed in the 

mold, and the mold was then placed in a supporting 
structure made from Armco Speer 580 graphite which 
had been precision machined to the speci?cations of the 
mold. A charge of powder silicon was then poured on 
top of the mold surface. In estimating the amount of 
silicon, there was employed up to about a 15% excess of 
that amount of silicon required to ?ll the mold cavity in 
the molten state. 
The mold and supporting structure was then placed 

in a furnace which was maintained under a vacuum of 
about l X 10'2torr. A pressure of from l X 10-2 torr 
to 3 torr also was operable. The furnace was maintained 
at a temperature of about 1600° C. It was found that the 
silicon powder converted to molten silicon in about 15 
minutes and it was allowed to in?ltrate the carbon ?ber 
prepreg. After cooling to room temperature, the mold 
and supporting structure was removed from the furnace 
and allowed to cool under atmospheric conditions. The 
mold was then opened and there was obtained a disk 
which conformed within 0.2% of the dimensions of the 
mold cavity. Based on method or preparation, the disk 
was a silicon carbide, silicon ceramic having about 16% 
by weight carbon in the chemically combined form, or 
as a mixture of chemically combined carbon and ele 
mental carbon and about 84% by weight of silicon. 
The above silicon carbide-silicon matrix composite 

disk is placed in a crucible on a ?at piece of Haynes 718, 
a nickle-base alloy. The silicon composite disk and 
metal strip is then placed in an oven and heated to 1150“ 
C under atmospheric conditions. After 150 hours the 
silicon ceramic disk and the metal strip are removed 
from the oven and allowed to cool to room tempera 
ture. The surface of the metal strip is then carfully ex 
amined under an optical microscope. It is noted that a 
siliciding reaction has taken place on the surface of the 
metal strip, based on the appearance of a rough looking 
surface and a series of craters indicating silicon-metal 
reaction. Those skilled in the art would know that, in 
the event a silicon carbide-silicon matrix composite 
were used as part of a power generating apparatus, such 
as an aircraft engine blade, and such ceramic part was in 
continuous contact with a high performance metal, 
such as a chromium and nickel containing alloy, the 
surface of such metal part could be adversely affected, 
eventually resulting in breakdown of the structure. 
Another silicon carbide-silicon matrix composite disk ' 

was made following the procedure above which was 
swabbed with an etchant in the form of a mixture of 
hydro?uoric acid and nitric acid. After the etchant had 
been allowed to contact the silicon-based ceramic disk 
for 15 seconds, the treated ceramic disk was washed 
with water to remove the etchant. Upon examining the 
etchant surface of the ceramic disk it was found that the 
etchant had removed on the average of about 0.004 inch 
of silicon from the surface. A paste consisting of Mull 
ite, a blend of aluminum oxide and silicon oxide and 
aluminum hypophosphate was uniformally applied onto 
the etched surface of the silicon ceramic disk employing 
a spatula. The thickness of the‘ applied paste was ap 
proximately equivalent to the depth of the cavity result 
ing from the action of the etchant. The treated ceramic 
disk was then placed in an oven and heated for 15 hours 
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at 1250° C under atmospheric conditions. The ceramic 
disk was then allowed to cool. It was found that the 
inorganic oxide paste had been converted to a uniform 
glaze over the surface of the silicon ceramic disk. 
The procedure was repeated with respect to placing 

the silicon carbide-silicon matrix composite disk on top 
of a metal nickel-chromium alloy strip, except that the 
ceramicv was placed on the metal strip so that the surface 
of the inorganic coating which had been ?red on the 
surface of the silicon ceramic contacted the metal alloy 
strip. After the silicon ceramic had been heated in 
contact with the metal strip for the same period of time 
and under the same conditions, it was allowed to cool. 
An examination of the metal strip shows it is free of any 
surface reaction with the silicon ceramic disk. This 
indicates that the treatment of the silicon-based ceramic 
disk with the ?red inorganic oxide coating reduces the 
tendency of the silicon-ceramic disk to react with the 
Haynes 715 alloy at temperatures of 1000° C or above 
after 150 hours. ‘ 
Although the above example is directed to only a few 

of the very many variables which can be used in the 
practice of the method of the present invention, it 
should be understood that the present invention is di 
rected to the use of a much broader class of silicon 
based ceramic composites, inorganic oxide mixtures, 
etc., which are shown in the description preceding this 
example. ' 

What we claim as new and desire to secure by Letters 
Patent of the US. is: 

1. A method of reducing the tendency of a silicon 
based ceramic, selected from the class consisting of a 
silicon carbide containing ceramic, and a silicon nitride 
containing ceramic, from reacting with a metallic sur 
face at elevated temperatures to form metallic silicides 
which comprises 

(1) etching the surface of the silicon-based ceramic 
composite to effect the removal of surface silicon, 

(2) substantially ?lling the cavity of the resulting 
etched silicon-based ceramic composite formed 
during step (1) with an inorganic oxide mixture 
comprising a blend of aluminum oxide and silicon 
oxide and > 

(3) ?ring the treated silicon-based ceramic of (2) to a 
temperature of up to 1250° C resulting in the con 
version of the inorganic oxide mixture to an adher 
ent ceramic coating. 

2. A method in accordance with claim 1, where the 
silicon-based ceramic composite is a silicon carbide-sili 
con matrix composite. 

3. A method in accordance with claim 1, where the 
etchant is a mixture of hydrofluoric acid and nitric acid. 

4. A shaped silicon-ceramic base composite selected 
from the class consisting of silicon carbide and silicon 
nitride having a reduced tendency to react with a metal~ 
licsurface at elevated temperatures to form silicides 
which has an adherent inorganic oxide ceramic coating 
with a thickness of about 0.001 to 0.010 inch comprising 
the product obtained by ?ring a blend of aluminum 
oxide and silicon oxide at a temperature of up to l250° 
C. 

l 5. A shaped composite in accordance with claim 4 in 
the form of a gas turbine shroud section. 

6. A shaped composite in accordance with claim 4, in 
the form of an aircraft engine shroud section. 

7. A shaped composite in accordance with claim 4, in 
the form of a gas turbine transition piece. 
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